D A Chamberlain
Drugs play a prominent part in the management of cardiorespiratory arrest, although rigid clinical evidence to demonstrate their value is sparse. Their use depends principally on tradition, on an unproven expectation that antiarrhythmic eVects are likely to be beneficial for potentially lethal arrhythmias as well as for less malignant conditions, and on extrapolation from animal experiments. Irrespective of the lack or presence of acceptable evidence, drug administration to counter cardiac arrest has one or more objectives: + prophylaxis in high risk patients + countering ventricular fibrillation (VF) either directly or as an adjunct to electrical defibrillation + eliciting an electrical or mechanical response for patients with asystole or electromechanical dissociation + preventing recurrent VF + supporting the circulation during basic life support + improving the haemodynamic state after coordinated rhythm has been restored. Antiarrhythmic drugs used for the first four of these indications are discussed here.
Prophylaxis for high risk patients
Simple logic led to the use of antiarrhythmic drugs as prophylaxis against VF in high risk patients, notably after myocardial infarction. Antiarrhythmic drugs can prevent ventricular arrhythmias: VF is a ventricular arrhythmia, thus it is a reasonable expectation that such drugs may prevent VF. Most experience has been gained with lignocaine (lidocaine) because of its favourable pharmacological profile. Lignocaine causes relatively little myocardial depression, 1 has little eVect on impulse propagation, does not greatly influence vasomotor tone, is usually excreted rapidly after a few bolus doses, and has little proarrhythmic action.
Two important trials lent support to the eYcacy of lignocaine for the prevention of VF. 2 3 The first by Lie et al in 1974 was an in-hospital study 2 ; 212 consecutive patients younger than 70 years were randomly allocated within six hours of acute myocardial infarction to receive either intravenous lignocaine by bolus and infusion or placebo (5% glucose). Nine patients in the placebo group developed VF compared with none in the lignocaine group. This result influenced practice on both sides of the Atlantic and prophylactic lignocaine became commonplace in cardiac care units. The second important trial based on a major prehospital study in which nearly 6000 patients with suspected myocardial infarction were evaluated, followed in 1985. 3 Lignocaine was randomly administered to half of the patients. The intramuscular route was chosen because the drug was given by paramedics (nurses) in ambulances. Earlier observations had shown that 400 mg lignocaine injected into the deltoid muscle achieved therapeutic blood levels within 15 minutes. Thus emphasis centred on the reduction in malignant arrhythmias after this interval. After the initial 15 minutes two patients who received lignocaine developed VF compared with 12 controls. In addition, ventricular tachycardia terminated spontaneously in nine of 21 patients in the lignocaine group compared with one of 11 controls. This evidence supported further the prophylactic use of lignocaine in patients with suspected myocardial infarction.
The eVect of lignocaine in reducing the odds of VF after myocardial infarction was also reported in a 1988 review of 14 randomised trials by MacMahon et al. 4 However, the significant result from the meta-analysis depended very heavily on the two trials already discussed. 2 3 None the less, evidence that lignocaine can prevent considerable VF after suspected myocardial infarction seems secure.
The bottom line in clinical practice must be mortality rather than freedom from VF. Three meta-analyses [4] [5] [6] have clearly shown that prophylactic lignocaine does not reduce mortality. Indeed, data from the eight hospital phase trials 6 show a significant increase in mortality during treatment, with relative odds of 1.76 (confidence interval 1.04 to 2.98). Lignocaine, therefore, seems to have no clinical value despite its proven antiarrhythmic action. Adverse eVects including asystole 4 and perhaps proarrhythmic and myocardial depressant actions-although minor compared with those of other antiarrhythmic drugs-may counteract some benefits. The more crucial point is that VF can usually be treated-at least under trial conditions-and is therefore not synonymous with death. The mortality data slowly swayed opinion: for routine prophylactic use the notion became widespread, first in Europe and later in the US, that prophylactic lignocaine after myocardial infarction was not helpful and its use was largely abandoned.
The pendulum of opinion, which has swung from enthusiasm for prophylactic lignocaine to disillusion, may not yet have reached a central point that represents the true potential of the drug. Indeed, it will probably never do so because the crucial data cannot be collected. The in-hospital position is clear and well demonstrated in the trial described by Lie et al. 2 Although VF developed only in the placebo group (nine patients), mortality was hardly aVected (eight patients who received lignocaine died compared with 10 controls) because recurrent VF was fatal in only one patient. The other deaths occurred as a result of cardiac rupture, cardiogenic shock, or pulmonary oedema. A similar lack of lasting clinical benefit would be expected in an ambulance setting with a defibrillator.
But what of patients with suspected infarction who are seen by general practitioners or other health workers without an available defibrillator? Indeed, what might be the value of self administered lignocaine carried by vulnerable patients? The only trial conducted without routine availability of defibrillation was that reported by Valentine et al (also published in 1974) involving 233 Australian family physicians. 7 The results showed a significant reduction in mortality during the first two hours after treatment of patients with suspected acute myocardial infarction. Unfortunately, the apparently promising result after intramuscular injections of 300 mg lignocaine was largely discounted because of unexplained inequalities in randomisation. This type of trial is unlikely to be repeated, but the criticism should not be allowed totally to discount the reduction in mortality. Lignocaine may be of value for prophylactic use in the absence of defibrillation facilities, but we will never have the formal proof needed for a definitive answer to this very important question.
Adjuncts to defibrillation
Evidence relating to antiarrhythmic drugs as adjuncts to defibrillation is also equivocal. The reason for their popularity, especially lignocaine, can hardly depend on evidence from experimental models. For 20 years successive studies have shown that lignocaine increases the defibrillation threshold-that is, defibrillation is more diYcult to achieve. [8] [9] [10] [11] [12] The substrate in experimental defibrillation, however, is diVerent from that in ischaemic heart disease. The blocking eVect of lignocaine on open and inactivated cardiac Na + channels is greatest on depolarised (ischaemic) tissue. 1 Other factors, notably the use of anaesthetic agents, may also have influenced results in the experimental models. Unfortunately, no reliable placebo controlled human studies are available to guide clinical practice, and small studies do not have the power to give a definitive result. 13 14 Weaver et al in 1990 15 believed, on the basis of a retrospective survey, that lignocaine increased the incidence of asystole, while Herlitz et al in 1997 16 also reported that there was no evidence of increased survival after reviewing uncontrolled retrospective observations from the Gothenberg database. Lignocaine is still recommended in the widely used American Heart Association guidelines for resuscitation. 17 The fact that this recommendation continues despite the persuasive evidence against its value must depend on the lack of definitive clinical studies and the influence of clinical experience. This can seem very convincing if a defibrillating shock is successful after lignocaine has been given for refractory VF. Davey et al, however, have shown that the defibrillation threshold is not an absolute figure but rather a dose−response curve: the higher the energy then the greater are the odds of success in percentage terms. 18 Thus a successful shock after treatment with lignocaine when three or four shocks have already failed may be no more than the play of chance rather than a drug eVect.
The evidence for most class I agents is no better. Flecainide, 19 mexiletine, 20 encainide, 21 and moricizine, 22 increase the defibrillation threshold in experimental animals and human subjects. There may be exceptions to the disappointing conclusion that class I antiarrhythmic drugs are uniformly unhelpful in experimental models. For example, in one study quinidine had no eVect on the defibrillation threshold 23 and in another N-acetyl procainamide (the principal eVect of which is an increase in the duration of action potential) caused the threshold to decrease. 24 Amiodarone is (as usual) a special case. It is a complex drug and variations in eYcacy as an adjunct to defibrillation may reflect diVerent experimental or clinical circumstances. There was no diVerence in the defibrillation threshold after oral dosing in a dog model, but a decrease occurred when the drug was administered intravenously. 25 Another dog model showed that amiodarone greatly improved the response to defibrillation attempts which had previously been unsuccessful using a series of five shocks with adjunctive lignocaine and adrenaline. 26 In human patients, one within-subject study showed an increase in the internal defibrillation threshold after oral administration, which regressed when the drug was discontinued. 27 In contrast, there was no evidence of any diVerence in energy requirements in another small study comparing two series of patients treated with or without amiodarone. 28 No definitive trial has yet been reported of the use of intravenous amiodarone during cardiac arrest in human patients. (A report on the recently completed ARREST trial is however, awaited.) In an earlier study, which has attracted considerable attention, amiodarone was given by intravenous bolus, with or without subsequent infusion, to 14 patients with refractory or recurrent ventricular tachycardia or VF. 29 The average duration of attempted resuscitation was 75 minutes. Eleven patients regained stable rhythm and eight survived to hospital discharge.
Bretylium tosylate is another complex drug 1 that may have deserved wider interest at least in Europe (it has been used more extensively in the US as an adjunct to defibrillation). The drug has some class III actions but its principal eVect may be the release of noradrenaline from nerve endings. The antiadrenergic eVect is responsible for pronounced vascular hypoten-sion. It does not to seem to increase the defibrillation threshold. 9 10 23 Unique among antiarrhythmics, it has a direct antifibrillatory eVect, perhaps because it reduces the heterogeneity of repolarisation, an eVect that is likely to suppress re-entry. 30 Sanna and Arcidiacono 31 reported spontaneous reversion of VF in six cases, while Bacaner 32 observed success with refractory VF. Nowak et al also found an increased resuscitation rate. 33 Bretylium has been compared with lignocaine in two studies but these were too small to be definitive. The trend favoured bretylium in one 34 and lignocaine in the other. 35 To summarise, most class I agents increase the defibrillation threshold at least under experimental conditions. The eVects are consistent with lignocaine. Evidence for an adverse eVect is, however, equivocal or absent for quinidine, N-acetyl procainamide, amiodarone, and bretylium. Short acting blockers have an attractive pharmacological profile for this indication but have not been tested, and only anecdotal evidence is available for nonspecifically used magnesium 36 as opposed to its eVect in electrolyte deficiency. Clinical experience remains sparse or incomplete.
The value of antiarrhythmic drugs as adjuncts to defibrillation should not be discounted. Some antiarrhythmics may be important. Evidence from experimental VF should be considered with caution as the electrophysiological substrate is diVerent from the substrate in atherosclerotic disease, the most common underlying cause in human patients. The human data may also be flawed because drug requirements after global ischaemia may be appreciably less than in other situations and depend importantly on the route of administration. Experimental evidence for lignocaine supports these notions. 37 Even if most patients with refractory VF are not helped by antiarrhythmic agents or indeed are harmed, there may still be a subset who might benefit if they could be identified-a fact that justifies a "last chance" approach of administration by those who remain sceptical of their value. One further point deserves comment. Biphasic defibrillation may respond diVerently to drugs than does monophasic defibrillation. One study has shown that lignocaine does not increase the defibrillation threshold after biphasic defibrillation. 38 If this is true, lignocaine may yet find a place for this indication supported by new experimental data.
Maintenance of coordinated rhythm
Antiarrhythmic drugs are often used to maintain coordinated rhythm after defibrillation, with lignocaine again having pride of place. Extrapolation from the evidence already described shows that lignocaine can prevent initial episodes of VF in vulnerable patients. If initial episodes can be prevented then it is a reasonable expectation that the risk of subsequent episodes can also be reduced. Counter evidence that overall mortality is not influenced favourably may be less relevant for a selected group for whom the risk of fibrillation is extremely high (and any hazards of treatment are therefore likely to weigh less heavily in a risk benefit equation). There are, however, no reliable trials of antiarrhythmics given after successful defibrillation to confirm whether or not this strategy is eVective and safe.
Specific drugs for special situations

POTASSIUM CHLORIDE AND MAGNESIUM
SULPHATE
Despite the lack of a formal placebo controlled trial the value of intravenous magnesium sulphate for torsades de pointes is generally agreed. Clinical experience provides such strong evidence that a trial for this potentially lethal indication would hardly be justified. 39 Torsades de pointes may be mistaken for VF even by experienced cardiologists, 40 a fact that may be partly responsible for the impression that magnesium may control recurrent VF. Hypokalaemia predisposes to malignant arrhythmias and is frequently associated with hypomagnesaemia. Both potassium replacement and magnesium replacement should form part of the therapeutic strategy in patients with identified electrolyte deficiency. 41 A similar strategy may be appropriate when electrolyte deficiency is suspected-for example, in those receiving diuretics without adequate electrolyte supplementation.
CALCIUM CHLORIDE
Calcium is less frequently used now than in the early days of resuscitation. The key role of calcium within the contractile elements of the myocardium may be to counteract asystole and electromechanical dissociation. Clinical evidence is sparse. One small study supported administration of calcium chloride in patients with electromechanical dissociation. 42 Eight of 48 patients treated with calcium chloride in a prehospital setting survived with an eVective cardiac output to hospital admission compared with two of 42 patients who were not treated with this drug. An accompanying report from the same authors on the use of calcium for asystole was considered negative. 43 Three of 39 patients survived to the emergency department after treatment with calcium chloride compared with one of 34 patients who were not treated with this drug. Whatever the formal statistics, the resemblance of the two sets of figures in percentage terms hardly justifies opposite conclusions based only on an arbitrary p value threshold! Other factors have led to a reduction in the use of calcium. The most important has been the perceived value of calcium channel blocking agents as drugs beneficial to the cardiovascular system. Administration of calcium thus became counter intuitive. Evidence was also adduced that calcium levels were normal during attempted resuscitation, so supplements may not have an important role. Subsequent studies have shown, however, that ionised calcium is low during resuscitation in experimental models 44 and in humans after out-of-hospital cardiac arrest, 45 perhaps because it binds to lactate. This at least raises the possibility that use of calcium chloride during resuscitation may have an underlying theoreti-cal basis. Further work with calcium seems to be highly desirable. A major definitive study is unlikely to be supported by industry because of little commercial interest.
The role of antiarrhythmic drugs in resuscitation remains ill defined-a fact that reflects little credit on all of us who have taken an interest in the subject for 30 years or more.
Definitive studies in what is admittedly a diYcult area for research can be performed only on a cooperative basis. Such studies are long overdue.
